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(Amended) A synchronous 
a memory array which includes dyi 



wherein the integrated circuit device comprises: 



a clock receiver to receive 
a plurality of sense amplifi 



to sense data from the dynamic random access memory cells; and 

a plurality of input receivers to sample an operation code 



1)005 



; integrated circuit device having 
amic random access memory cells, 



an external clock signal; 

=irs, coupled to the memory array. 



synchronously with respect to 



operation code including precharge information, wherein, . in 
response to the precharge inf orrjaation, the plurality of sense 



11 amplifiers is automatically prechlarged after the data is sensed 
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device of claim wherein the 

operation code specifies a read operation, and wherein the 



J^tff* The integrated circuit 



integrated circuit device furthei 
drivers to output first and second 
to the operation code specifying 



J 

^&5r* The integrated circuit 



the plurality of output drivers output the first portion I of 
the data synchronously with respeqt to a rising edge transition j of 
the external clock signal; and 

the plurality of output drive 
data synchronously with respect to 
external clock signal. 
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jhe external clock signal, the 



includes a plurality of output 
(portions of the data in response 
a read operation. 

idevice of claim 3£&r wherein: 



tis output a second portion of the 
a falling edge transition of the 
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■a^T (Amended) The integrated circuit device of claim 



further including a delay lock 1 



:»op, coupled to the plurality of 



output drivers, to synchronize the output of the first and sedond 
portions of the data with the external clock signal. 



(Amended) The integrat 



further including a plurality of Multiplexers to provide the filrst 
and second portions of data to the plurality of output drivers, 
wherein each multiplexer of this plurality of multiplexers 1 is 



coupled to a respective output di 
drivers . 



L 

JsS6-. The integrated circuit 
the plurality of multiplexers 
data to the plurality of output 



@|006 



ed circuit device of claim 'XVS&T 



jiver of the plurality of output 



I device of claim 3s&5 wherein:- 

i 

| provide the first portion of the 
drivers in response to a rising 



transition of the external clock fciignal; and 

j ; j 

the plurality of multiplexers provide the second portion | of 

i; i 

the data to the plurality of output drivers in response toi a 



falling edge transition of the ex 
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(Amended) The integrated circuit device of claim 
wherein the plurality of input receivers further includes a first 
input receiver to sample a fi 
synchronously with respect to th 
the precharge information is en 
operation code. 



(Amended) The integrat 
wherein the plurality of input re< 
input receiver to sample a 
synchronously with respect to th< 
the second bit of the operation < 

6 wherein a portion of the data is 

7 device in response to the 

8 specifying the read operation 



The integrated circuit 
plurality of input receivers f 
receiver to sample address inform]* 
to the external clock signal. 



1° 

- (Amended) The integrat 

wherein the operation code includes 
combination, encode information whfiich 
of sense amplifiers sense the dat 



1007 



rst bit of the operation c|ode 

i 

external clock signal, wherein 
coded in the first bit of (the 



2d circuit device of claim Jjj»£7— 
eivers further includes a secjond 

i 

second bit of the operation cbde 
i external clock signal, whertein 
:ode specifies a read operation, 
output from the integrated circuit 
second bit of the operation code 



device of claim i&e wherein 
brther includes a third 
ition synchronously with 



respect 



I 

hd circuit device of claim 3*4* 



the 



input 



xn 



a plurality of bits that, 
specifies that the plurality 
from the memory array. 
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1 The integrated circuit device of claim further 

2 including row decoder circuitry, coupled to the memory array, to 

3 identify, in response to a row address, a row of the memory arjray 

4 that stores the data to be sensed by the plurality of sejnse 

5 amplifiers. 

1 1^?. The integrated circuit device of claim ^i: further 



of 
, a 



2 including column decoder circuitry, coupled to the plurality 

3 sense amplifiers, to identify, in response to a column address 

4 portion of the data. 

1 16*. The integrated circuit device of claim b&± further 

2 including a clock synchronization circuit coupled to the clpck 

3 receiver, wherein the clock synchronization circuit includes: 

4 a delay line to generate an internal clock signal, wherein- the 

5 internal clock signal has a delay with respect to the external 

6 clock signal; and 

7 a comparator to compare the internal clock signal with the 

8 external clock signal, wherein the delay of the internal clock 

9 signal is adjusted based on the comparison between the internal 
10 clock signal and the external clock signal. 
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1 2»3\ (Amended) The integrated circuit device of claim : 

2 further including a plurality of output drivers to output first 

3 second portions of the data in response to the operation code 

4 specifying a read operation, wherein the clock synchronizat 

5 circuit is coupled to the plurality of output drivers 

6 synchronize the output of the firs-- and second portions of the dlata 

7 with the external clock signal. 

'I ItV 

8 -i£3\ (Amended) The integrated circuit device of claim .y&~ 

9 wherein the plurality of input receivers samples the operation c:>de 



and 



ion 
to 



from a plurality of external signal lines of an external bus, 

11 wherein the external bus is used to carry, in a multiplexed format, 

12 the operation code, and the first and second portions of the da:a. 
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1 J#e^ A synchronous integrated circuit memory device inducing 

2 an array of memory cells f wherein the memory device comprises: 

3 a clock receiver to receive an external clock signal; 

4 a plurality of sense amplifiers, coupled to the array 

5 memory, cells, to sense data, wharein a portion of the data 

6 output from the memory device in response to a first operation cjode 

7 bit specifying a read operation; 

8 a first input receiver to sample the first operation code joit 

9 in response to a first transition of the external clock signal 
1° a second input receiver to sample a second operation code bit 

11 in response to the first transition of the external clock signal 

12 wherein the second operation code bit indicates whether precharglng 

13 the plurality of sense amplifiers occurs automatically after :he 

14 data has been sensed; and 

15 a plurality of output drivers to output the portion of |he 

16 data synchronously with respect to the external clock signal. 



1 J&t- The memory device of claim wherein the second input 

2 receiver further samples an address bit synchronously with respoct 

3 to a second transition of the external clock signal. 



1 *tf8. The memory device of claim wherein the plurality 

2 output drivers output the portion of the data onto an external \As 

3 the external bus including a plurality of external signal lines 



of 
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¥1 

1*9". The memory device of c 
the first operation code bi 

line of the plurality of external 
the second operation code bi 

line of the plurality of external 



70 

JfcW. The memory device of c 
external signal lines is used to 
address information and the porti 



.aim \f& wherein the plurality 
carry, in a multiplexed 
on of the data. 



The memory device of cli 
locked loop, coupled to the clock 
clock signal using the external cl 
of output drivers output the porti 
internal clock signal. 

J^g\ (Amended) The memory 



including: 

row decoder circuitry, coupl 
to identify a row of the array of 
to be sensed by the plurality of 

column decoder circuitry, 
amplifiers, to identify the portion 
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iaim J^T wherein: 

is sampled from a first sigjnal 
signal lines; and 

is sampled from a second sigjnal 
signal lines. 



format 



aim 1&6 further including a delay 
receiver, to generatie an internal 
>ck signal, wherein the plurality 
>n of the data in response to the 



device of claim &&€ further 



d to the array of memory eel J. 
memory cells that stores the 
ense amplifiers; and 
cofupled to the plurality of ser 
of the data. 




of 



data 



se 
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1 J^S\ A method of operation of a synchronous integrated 

2 circuit memory device, wherein the memory device includes an array 

3 of memory cells, wherein the method of operation of the memory 

4 device comprises 

5 sampling an operation code in response to a first transition 

6 of an external clock signal, wherein the operation code specifies 

7 read operation and includes precharge information; 

8 sensing data in a plurality of sense amplifiers, wherein 

9 data is output in response to the operation code specifying 

10 read operation; 

11 automatically precharging the plurality of sense amplifiers 

12 response to the precharge information, wherein the plurality 

13 sense amplifiers is automatically precharged after the data 

14 sensed; and 

15 outputting the data synchronously with respect to the external 

16 clock signal. 

1 13%. (Amended) The method of claim further including 

2 sampling address information synchronously with respect to the 

3 external clock signal, wherein the: address information identified a 

4 location of the data within the array. 

1 The method of claim £^*f wherein the operation code ^nd 

2 the address information are included in a request packet. 



-he 
:he 

in 
of 
is 
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1 The method of claim wherein the operation code 

2 the address information are sampled from an external bus, wheije 

3 the external bus includes a plurality of signal lines to carry 

4 address information and the operation code in a multiplexed fornat 

1 The method of claim i^jS* wherein the data is output onto 

2 the plurality of signal lines. 

1$ 0 

1 >F8\ The method of claim 4fT further including: 

2 selecting a row of memory cejll locations in accordance with a 

3 first address portion; and 

4 sensing data, from the selected row of memory cell locations, 

5 in a row of sense amplifiers, jwherein the plurality of sehse 

6 amplifiers is included in the row! of sense amplifiers. 

1 (Amended) The method of claim 2?f% further including 

2 identifying the data sensed in the plurality of sense amplifiers 

i 

3 based on a second address portion!. 

1 i8«. The method of claim l^j further including generating; an 

2 internal clock signal using a deliiy locked loop, wherein the data 

3 is output in response to the internal clock signal. 
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31 \ 

(Amended) The method of j claim wherein outputting 



data includes: ! 

i 
! 
i 
i 

outputting a first portion j of the data synchronously wtlth 

respect to a rising edge transition of the external clock signal 

i 

and i 

i 

! 

outputting a second portionj of the data synchronously with 



respect to a falling edge transit. 



.on of the external clock signal 



J3*2\ A method of controlling a synchronous memory 



device 



wherein the memory device includes 
coupled to a memory cell array, w 
the memory device comprises:. 

providing a first operation cj:>de to the memory device, 
the first operation code indicate.: that the memory device: 

output data read from t 

precharge sense amplifie 



i. a plurality of sense amplifiers 
aerein the method of controlling 



wherein 



the memory cell array, wherein the sense amplifiers used 
reading the data are precharged automatically after the d< 



is read from the memory cell array; and 

receiving the data from the memory device, the memory devilce 
outputting the data in response to the first operation code. 



le memory cell array; and 
rs used in reading the data 



the 



fn:om 



in 
ta 
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3T 

J^flT. The method of claim 1ST wherein the first operation cjode 
is included in a request packet. 



3&- 



of claim further including 

to the memory device, wherein i 



the 



(Amended) The method 
providing a second operation code 

second operation code instructs the memory device to: 

receive input data to be written to the memory cell array 
write the input data to thes memory cell array using sense 

amplifiers of the plurality of sense amplifiers; and 

precharge the sense amplifiers used in writing the input data 

to the memory cell array, whecein the sense amplifiers £re 

precharged automatically after the input data is written to the 

memory cell array. 

-«r3\ The method of claim y&C further including: 
providing, to the memory device, a row address and a column 
address; and 

providing a third operation cbde to the memory device, wherein 
the third operation code instructs the memory device to: 

output data read from a specified location of the memctry 



cell array, wherein the specified location is identified 
the row address and the colurim address; and 



retaining, in at least 



sense amplifiers, the data read from the specified location 
the memory cell array. 



a portion of the plurality 
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:£8«6\ (Amended) The method oi 
providing, to the memory de^v 
providing a second operati 
wherein the second operation 
combination , encode information 
device sense data from a specif; 



claim JU&ST further including 



ice, a row address; and 
on code to the memory devi|ce 
code includes bits that, 
>7hich indicates that the 
ed location of the memory c^ll 



array using at least a portion of the plurality of 



amplifiers, wherein the specified 
address . 



The method of claim JJ^T further including providing 



address information to the memo 
information is provided synchronov 
clock signal. 



try device, wherein the addtre 
sly with respect to the 



3? 



The method of claim 
and the first operation code are i 
external bus. 
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wherein the address informatt 
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(Amended) A synchronou 



array which includes dynamic memory cells, wherein the memory 
device comprises: 



a plurality of sense amplifi* 



to sense data from the dynamic mefnory cells; 



a plurality of input receiv 
synchronously with respect to 
operation code including prech 



response to the precharge inf orniation, the plurality of sense 



10 amplifiers is automatically prech 



portions of the data in response t 
read operation; and 

a delay locked loop, coupl 
drivers, to synchronize the output 
16 of the data with the external clo< 



JW5*0 . 



@)017 



> memory device having a meimory 



>rs, coupled to the memory ariray 



=;rs to sample an operation 
:in external clock signal, ; 
=irge information,' wherein,! 



code 



:he 



s.rged after the data is sensed 



a plurality of output driv€*rs to output first and second 



the operation code specifyihg a 

ad to the plurality of output 
of the first and second portions 
k signal. 



The memory device of claim wherein: 
the plurality of output drivers output the first portioi 
the data synchronously with respect to a rising edge transition 
the external clock signal; and 

the plurality of output drivers output the second portioiit 



the data synchronously with respect 
the external clock signal. 



: to a falling edge transition 
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^51. (Amended) The memory 
including a plurality of multiple: 
the plurality of multiplexers is 
driver of the plurality of output 



\ 



1 2&2?L (Amended) The memory c 

2 plurality of multiplexers provides 

03 the plurality of output drivers 
4 transition of the external clock 
5 of multiplexers provides the 
plurality of output drivers 
transition of the external clock 



device of claim 
*ers, wherein each multiplex4r| of 
coupled to a respective oxit^ut 
; drivers . 



5 
6 
7 



evice of claim J&Z wherein 
the first portion of the datjk 
in response to a rising 
ugnal, and wherein the plurafi: 
portion of the data toij 
response to a falling 
signal • 



second 



IB* 



1 

2 
3 
4 
5 



•a. 



ck 



(Amended) The memory 
plurality of input receivers 
receiver to sample a first bit of 
with respect to the external cloc 
information is encoded in the fir 



15 
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svice of claim wherein | 

fprther includes a first ir 

j 

the operation code synchronoji&l} 
k signal, wherein the prechkrge 

! ! 
I 

3t bit of the operation codeLj 
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0 1 

(Amended) The memory device of claim whereinrj 



plurality of input receivers f 



receiver to sample a second bit of; the operation code synchronously 



with respect to the external cloc 



the second bit of the operation cfcde specifies the read operation 



(Amended) The memory crevice of claim A£9- whereinii- the 
delay locked loop includes: 

a delay line to generate an ihternal clock signal, wherein! 'the 
internal clock signal has a delJtjy with respect to the exteirfral 
clock signal; and 

a comparator to compare the j internal clock signal with f| the 
external clock signal, wherein the delay of the internal clock 



signal is adjusted based on the 
clock signal and the external clo 
the first and second portions of t 



external clock signal using the internal clock signal. 



Jirther includes a second iirip 



k signal, wherein an encoding 



3<? 



Comparison between the 
jk signal, wherein the output: 
he data is synchronized with! 



internal 



of 



the 
ut 



of 



the 
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